INTRODUCTION
It is well established that in criminal investigations, body fluids are a very valuable evidence type. They serve as very informative DNA sources, however the actual nature of the fluid provides probative information, in terms of the body fluid source of the DNA [1] . Current tests available for body fluid identification, both presumptive and confirmative, utilize chemical, immunological, and enzymatic methods. These tests are rapid and have quite good sensitivity, however, many are destructive and encounter a wide number of false positives, while some have quite low specificity [2] . Some forensically relevant body fluids, such as menstrual blood and vaginal material, currently do not have any widely accepted or reliable tests for their identification. These are important evidence types, which if identified can yield great value to an investigation and subsequent testimony, particularly in alleged sexual assault cases, by providing valuable information to the sequence of events by identifying the origin of the victim's DNA. Many years ago, it was suggested that RNA could perhaps counteract many of the limitations of the standard tests. Specifically, messengerRNA (mRNA) was thought to be a suitable candidate for the identification of body fluids, as mRNA revealed that each single tissue type is comprised of cells with unique gene expression profiles [3] [4] [5] [6] [7] [8] [9] . However, it was subsequently shown that mRNA are very susceptible to degradation, therefore are not suitable for forensically relevant samples as they are frequently exposed to harsh environments [2, 5, [9] [10] [11] [12] [13] .
In recent years however, there has been an explosion of interest in microRNAs (miRNAs). The basic structure of miRNA is a short stranded non-coding form of RNA approximately 18-22 nucleotides in length. However regardless of their smaller size when compared to mRNA, they contain a wealth of information and are remarkably robust as a result of their size [14] . The first miRNA, lin-4 RNA, was discovered in 1993 by Lee et al. [15] . Prior to this discovery, the large amount of non-coding RNA was just considered to be 'junk genetic material' that held no significant purpose and was only a product of evolution's debris. The lin-4 RNA is now recognized as the founding member of this abundant class of regulatory microRNAs which has changed the common ideas of non-coding RNA and our understanding [16] [17] . MiRNAs are classified as gene expression regulators, which are able to attach to the protein coding mRNA strands and inhibit the transcription of new proteins. The miRNAs rise to fame came about as biomedical researchers discovered that miRNAs were tissue specific and could provide a signature of disease, such as cancer forming in that tissue [18] [19] [20] [21] . Their involvement, however with forensically relevant body fluids is only a very recent venture. Their reported tissue specificity sparked the idea that miRNAs could be utilized as markers for body fluids in forensic investigations, whereby specific body fluids would have specific miRNA signatures.
Furthermore, the ability to co-extract both miRNA and DNA is a welcome advantage to the forensic community as it allows both body fluid identification and person identification simultaneously with little sample required [22] [23] [24] .
The extensive research carried out on a global level investigating miRNAs in humans have mainly focused on clinical biological samples e.g. various tissues, cerebral spinal fluids, and cultured primary tissues, with minimal research focused on forensically relevant body fluids e.g. venous blood, menstrual blood, semen, saliva, and vaginal fluid. Previous published studies reported promising results identifying differentially expressed miRNAs for forensic body fluid identification [23, [25] [26] [27] [28] [29] [30] [31] [32] . A number of the studies however, showed little agreement between them, with only a small number of miRNAs suggested as potential biomarkers for specific fluids overlapping between studies [23, 25-28, 30-31, 33-36] .
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The first to explore the forensic application of miRNAs was Hanson et al. in 2009 . Hanson revealed certain miRNAs to be differentially expressed across a range of forensically relevant body fluids [26] . At first, scientists aimed to discover miRNAs that are specific to one particular body fluid, however research studies have been unsuccessful in this search thus far. While some miRNAs are particular to two or more body fluids, it has not yet been proven that any one miRNA is particular to any one body fluid. Furthermore, it is not anticipated that one single miRNA would be used to identify one body fluid. Rather, a panel of miRNAs would be used to represent individual body fluids thereby creating a signature of the particular fluid. Although they are few, the previous research studies conducted in this particular field of study has done much of the work in narrowing down the possible miRNA markers used for the identification of forensically relevant body fluids. In 2013 Wang et al., published a table illustrating some of the previous miRNA findings for particular body fluids in their own research and other research group's publications [29] . While these findings do point out potential miRNAs that could be used for the identification of forensically relevant body fluids, it is also important to note that new miRNAs are being discovered constantly. When Wang published this research in 2013, an array was performed that examined 754 human specific miRNAs. Currently the total count of discovered miRNAs that identify with Homo sapiens is ~2000 (miRBase). This helps demonstrate that though there are presently no miRNAs known to be specific for one body fluid, the possibility is still there. It could just be that the particular miRNA has not yet been discovered. Further to this, there are numerous DNA isolation kits which are commercially available and have been adapted to be used specifically with forensic samples. To date however, there are no miRNA isolation kits available which have been designed for forensic purposes. As a result, the studies reported previously, have utilized a variety of different methods to extract the miRNA content of the samples examined, and therefore an assessment of an assessment of these methods for miRNA extraction from forensically relevant body fluids is warranted.
This first aim of this research was to investigate two commercial miRNA extraction methods for use with forensically relevant body fluids, as it is crucial this is examined with human body fluids such as venous blood, menstrual blood, semen, saliva, and vaginal material. The second aim of this research was to investigate miRNAs previously reported in the literature for their suitability as novel biomarkers for forensically relevant body fluids.
MATERIALS AND METHODS

Sample Collection
Following Institutional Review Board (IRB) approval at the University of New Haven, the following body fluids were collected from volunteers with written informed consent; venous blood (n = 10), menstrual blood (n= 10), semen (n = 10), saliva (n = 10), and vaginal material (n = 10). The volunteers consisted of healthy male and female participants, ranging in age from 18-45. Venous blood was collected using venipuncture and standard blood collection procedure into EDTA vials. Semen and saliva were collected into sterile 50mL concial tubes. Menstrual blood and vaginal secretions were collected onto sterile cotton tipped swabs. All samples were anonymized upon collection and destroyed after use. All samples were immediately stored at 4°C and extracted within 24 hours.
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microRNA Extraction
Three methods of microRNA extraction were examined in this study, namely; the miRNeasy® mini kit (Cat no: 217004, Qiagen, Düsseldorf, Germany), the miRVana™ miRNA isolation kit (Cat no: AM1560, Ambion®, Austin, TX, USA), and an in-house modified version of the miRVana™ isolation kit. The manufacturer's protocols for the kits were followed with the exception of the modified miRVana™ method. With this method, the kit lysis solution and homogenate solution were replaced with the use of TRIzol™ and chloroform in order to achieve greater phase separation. Following this step, the manufacturer's instructions were followed. All extracts were eluted in 50 μL of nuclease free water and stored at -36°C until required.
RNA Quantitation
After miRNA had been extracted from the body fluid samples, quantification of the extracts were performed using an EON Microplate Spectrophotometer (BioTek®). For miRNA expression analysis it is vital to verify that pure and undamaged RNA has been extracted from the body fluid samples. The spectrophotometer provides an accurate measurement of concentrations (A260) and protein contamination (ratio A260/280). Within the eluate, pure RNA will usually have A260/280 ratios between 1.8 and 2.2. The volume of miRNA solution required to yield 1 µg of RNA was then calculated.
cDNA Synthesis
All experimentation was carried out in a vented hood which was cleaned with 70% Industrial Denatured Alcohol and had undergone UV cleaning for 15 minutes before use. Reverse Transcription (RT) was performed to reverse transcribe miRNA into complementary DNA (cDNA) by using miRNA, the TaqMan® MicroRNA Reverse Transcription Kit (Applied Biosystems) as per the manufacturer's protocol, and target-specific stem-loop primers (applied Biosystems). 10 ng of RNA was added to the reaction mix containing RT primers, MultiScribe™ reverse transcriptase, dNTPs, RNase inhibitor and reverse transcription buffer, with a final reaction volume of 15 μL. miR-16 was used as an endogenous control for all five body fluids types. miR-451 and miR-412 were used as targets for venous blood and menstrual blood, while miR-205, miR-124a, and miR-891a were used as targets for semen, vaginal secretions, and saliva. The RT reaction was performed using a GeneAMP ® PCR System 9700 Thermal
Cycler (Applied Biosystems) with the following cycling conditions: 16 °C for 30 min, 42 °C for 30 min, 85 °C for 5 min, and then remains constant at 4°C. An RT blank control was prepared within each group of reactions, this blank consisted of the RT master mix with molecular biology grade water, not containing any RNA within the sample.
After all RT reactions had completed, all samples were centrifuged before being transferred to a new sterile centrifuge tube and stored at -20 °C.
RT-qPCR
RT-qPCR reactions were performed using target-specific TaqMan® Assays (Applied Biosystems, Foster City, CA, A no target control (NTC) and reverse transcription blank (RT) was included with each batch of reactions. RT-qPCR reactions were performed in triplicate, and an Inter Assay Control was included on every plate. Data collection was performed during the 60 °C step by the SDS software version 1.2 (Life Technologies).
Data Analysis
The miRNA targets of interest were expressed relative to miR-16. An average CT value was obtained from the Results with a p-value less than 0.05 were considered to be statistically significant.
RESULTS
Optimal Extraction Method
The first aim of this research was to investigate three methods of miRNA isolation, using two commercial kits, for use with forensically relevant body fluids. The quantitative results for each of the five body fluid extracts using each of the three extraction methods revealed the miRNeasy® mini kit to produce consistently high yields of extracted miRNA ( Vaginal Material 331.6 ± 226 111.9 ± 68.5 110.3 ± 58.8 Table 1 . Extracted mean yields (ng/μL) and standard deviations of each body fluid with each extraction method.
The yields obtained from venous blood using the miRVana™ miRNA isolation kit were consistent throughout all 10 samples (mean 4.5 ng/μL, ± 1.5), however were much lower than those collected using the miRNeasy® mini kit
Page 6 of 15 (mean 29.3 ng/ μL, ± 6.4). The Modified miRVana™ method produced higher yields than the straightforward miRVana™ kit (mean 14.8 ng/ μL, ± 18.2) however, two of the ten samples, produced much higher yields and therefore skews the standard deviation. The quantitative results of the menstrual blood, semen, saliva, and vaginal material extracts using each of the three extraction methods revealed the miRNeasy® mini kit to again produce consistently higher yields of extracted miRNA when compared to the other two methods. It should be noted the yields obtained using the miRNeasy® mini kit varied widely within the samples and across the body fluids, however, they were consistently higher than that of the other two extraction methods. The miRNeasy® mini kit was demonstrated to have the highest average yield within all the tested body fluids, with the exception of saliva which had a slightly higher average yield with the modified miRVana™ method.
RT-qPCR Validation of miRNA Targets
RT-qPCR was performed targeting a specific miRNA in each body fluid. The expression of miR-451 was examined in venous blood samples and menstrual blood samples. A two sample T-test found miR-451 expression to be significantly dysregulated in the venous blood samples (1.1442±0.0644, log10 RQ) when compared to the menstrual blood samples (2.06±1.22, log10 RQ, p < 0.001, Figure 1 ). It can also be observed that miR-451 was very stably expressed as it has a condensed narrow range. These results highlight the potential of miR-451 as a biomarker for venous blood.
Menstrual Blood Venous Blood
The expression of miR-412 was examined in menstrual blood samples and venous blood samples. A two sample Ttest found miR-412 expression to be significantly down regulated in menstrual blood samples (0.473±0.312, log10 RQ) when compared to the venous blood samples (1.088±0.600, log10 RQ, p < 0.001, Figure 2 ). Figure 2 . miR-412 expression between menstrual blood and venous blood.
It can also be seen that miR-412 was stably expressed as it has a narrow range in the menstrual blood samples.
These results highlight the potential of miR-412 as a biomarker for menstrual blood.
The expression of miR-891a was examined in semen samples, vaginal material samples, and saliva samples. miR891a expression was found to be significantly upregulated in the semen samples (2.9341±1.0241, log10 RQ) when An ANOVA test was performed, providing a p value of less than 0.001. When saliva samples were compared with semen samples, significance was observed with a p value of less than 0.001. However when comparing saliva samples to vaginal secretion samples, there was no significance observed. These results highlight the potential of miR-205 to differentiate between saliva and semen, but not vaginal secretions.
Menstrual Blood
The expression of miR-124a was examined in vaginal secretion samples, semen samples, and saliva samples. miR124a expression was found to be significantly dysregulated across all three body fluid samples; saliva (1.423±0.753, log10 RQ), semen (0.172±2.664, log10 RQ), and vaginal material (0.454±0.572, log10 RQ, ANOVA p < 0.05, Figure   5 ). An ANOVA test was performed across all three body fluids, providing a p value of less than 0.05. When vaginal material samples were compared with saliva samples, significance was observed with a p value of less than 0.001.
Vaginal Secretions
When comparing vaginal material samples to semen samples, there was no significance observed. These results highlight the potential of miR-124a to differentiate between vaginal secretions and saliva, but not semen samples. 
DISCUSSION
The aim of this research was to first identify the optimal method of miRNA extraction from forensically relevant body fluids using the methods investigated, and second to validate previously reported miRNAs in those body fluids. While there are several commercial miRNA extraction kits available (RNeasy ® Micro kit (Qiagen), miRNeasy® Mini kit (Qiagen), mirVana™ miRNA isolation kit (Applied Biosystems) and RNAqueous ® -Micro kit (Ambion)), all of these kits are designed to be used with clinical samples, such as tissues and cultured/primary cells.
Therefore, it was crucial that some kits were compared for use with forensically relevant body fluids. In this study, miRNA was isolated from venous blood, menstrual blood, semen, saliva, and vaginal material, using three different extraction methods, namely; miRNeasy® mini kit (Qiagen), the miRVana™ isolation kit (Ambion), and an in-house modified version of the miRVana™ isolation kit.
The miRNeasy® mini kit (Qiagen) combines phenol/guanidine-based lysis of samples and a silica membrane column based purification. The mirVana™ miRNA Isolation Kit (Ambion®) employs organic extraction followed by purification on two sequential glass fiber filters (GFF) under specialized binding and wash conditions. Unlike other methods, the mirVana™ kit utilizes two sequential GFFs, as it has been suggested that the small RNAs are essentially lost in the first filtration through the column and therefore a second filtration is required to capture the miRNAs. For the modified miRVana™ method, the kit lysis solution and homogenate solution were replaced with TRIzol™ and choroform in order to achieve greater phase separation. The miRNeasy® mini kit was shown to provide consistently higher yields in the samples of each body fluid, with slight variation seen within a body fluid.
Venous blood yielded the lowest quantities of extracted miRNA suggesting the need to develop a specialized method for extraction from whole blood. Menstrual blood and vaginal material revealed the highest yields, however it should be noted that the method of quantitation is not human specific and therefore it could be suggested that the high yield could be as a result of bacterial contamination. Human specific quantitation would be the authors preferred method for quantitation however was not available to the authors. Spectrophotometric methods of quantitation using instruments such as the BioTech spectrophotometer or the Nanodrop spectrophotometer have been widely used to measure nucleic acids for a less specific yet reliable method. The average quantities obtained for each body fluid were examined, and although there was slight variation depending on the fluid type, it was concluded that the miRNeasy® mini kit was the optimal method of three tested for the extraction of miRNA, because of its higher quantitative yields with each body fluid. The ability to obtain a sufficient quantity and quality of miRNA from a sample is a crucial step in the identification of forensically relevant body fluids using miRNA.
Three accepted methods for analysis of miRNA expression include; Northern Blotting, Microarrays, and Real-Time Quantitative PCR. In 2010 Zubakov et al. published a study which incorporated all three of these technique [27] . As miRNA research has progressed, the Real-Time Quantitative PCR technique has become the gold standard, due to its ease of use and the robustness of the technique, and therefore was the method of choice for this study. A normalization strategy was implemented using a housekeeping gene to calculate the Relative Quantification (RQ) of the sample [37] [38] . MiR-16 was used as the housekeeping gene in this study as it had been previously reported to exhibit little variability across a number of body fluids, tissues, and cell lines [39] [40] [41] [42] . Since the time of experimentation however, other housekeeping genes have been suggested for forensically relevant body fluids which should be considered in the future [43] . RT-qPCR validation was performed using five miRNAs, namely; miR-451, miR-891a, miR-205, miR-124a, and miR-412, and their differential expression patterns were analyzed in various body fluids where the ability to differentiate between them is of particular importance e.g. venous blood versus menstrual blood. The miRNAs investigated in this study were previously suggested in the literature to show potential as biomarkers for particular body fluids. MiR-451, which was suggested for venous blood [25-26, 28, 44-45] , showed significant downregulation in the venous blood samples when compared to menstrual blood, highlighting its potential as a biomarker for venous blood. It was also observed that miR-451 was very stably expressed across the venous blood samples analyzed further highlighting its potential as a biomarker for venous blood. MiR-412, which was suggested for menstrual blood [26, 46] , showed significant downregulation in the menstrual blood samples when compared to venous blood, highlighting its potential as a biomarker for menstrual blood. It should also be noted that miR-412 expression was more stably expressed across the menstrual blood samples when compared to the venous blood samples. MiR-891a, which was suggested for semen [19, 27, 29] , showed significant upregulation in the semen samples when compared across the saliva and vaginal material samples. It should also be noted that this significant upregulation was maintained when the semen samples were compared individually to the saliva samples, and then compared to the vaginal material samples. This further highlights miR-891a's potential as a biomarker for semen. MiR-205, which was suggested for saliva [25] [26] , showed significant dysregulation when compared across the three sample types; saliva, semen, and vaginal material.
However, when compared individually, miR-205 was significantly downregulated when compared to the semen samples, but this significance was lost when compared to the vaginal material samples. This highlights the potential of miR-205 to differentiate between saliva and semen, but not saliva and vaginal material. MiR-124a, which was suggested for vaginal secretions [26, 29] , showed significant dysregulation when compared across the three sample types; saliva, semen, and vaginal material. However, when compared individually, miR-124a was significantly downregulated in vaginal material when compared to saliva, but this significance was lost when compared to the semen samples. This highlights the potential of miR-124a to differentiate between vaginal material and saliva, but not vaginal material and semen. This study has revealed three miRNAs to show potential as novel biomarkers for particular body fluids, while two miRNAs have been shown to be able to differentiate between two body fluids.
CONCLUSION
This study has identified the optimal method, from the three methods investigated, for extraction of miRNAs from body fluids, and further validates a selection of miRNAs previously suggested as potential biomarkers. This research highlights the potential of miRNAs as novel molecular markers for the confirmatory identification of forensically relevant body fluids.
